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(54) Infrared enhanced pulsed solar simulator 

(57) A pulsed solar simulator, and conBspondlng 
methods of solar simulation , consists of one or more mir- 
rors (302) and a flashlamp (1 02) adjacent to the one or 
more mirrors (302). The fiashlamp (102) produces 
pulsed light beams comprising wavelengths from 400 
nm to 1800 nm, wherein one or more primary pulsed 
light beams (304) are directed at a target (1 04) and one 
or more secondaiy pulsed light beams (305) are direct- 
ed at respective ones of the one or more mirrors (302) 
and are directed toward the target (1 04) as one or more 



reflected pulsed light beams (306) by respective ones 
of the one or more min-ors (302). And, one or more re- 
spective spectral filters (402) are positioned such that 
the one or more reflected pulsed light beams (306) com- 
prise light having a desired wavelength spectnjm direct- 
ed at the target (1 04). The one or more reflected pulsed 
light beams (306) provide enhanced irradiation in the 
desired wavelength spectrum at the target (1 04) com- 
pared to the irradiation provided by the one or more pri- 
mary pulsed light beams (304) atone. 
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Description 

BACKGROUND F THE INVENTION 

[0001] The present invention relates to solar simula- 
tors, and more particularly to pulsed solar simulators. 
Even more particutarly, the present Invention relates to 
improved Large Area Pulsed Solar Simulators (LAPSS) 
and corresponding methods of testing multi-Junction 
photovoltaic solar panels. 

[0002] Spacecraft employ solar an^ays to convert so- 
lar energy to the DC currant needed to provide the nec- 
essary electrical power on-board the spacecraft. Con- 
sisting of large numbers of photovoltaic generators (also 
referred to as photovoltaic cells) arranged In rows and 
colunnns of a matrix on panels Joined together into an 
essentially planar array, the solar array or panel Is ori- 
ented toward the sun and converts the incident sunlight 
into electricity. To ensure that the individual photovoltaic 
generators within the array are functional, It is conven- 
tional to test the anay and measure the performance of 
the photovoltaic generators prior to deployment in 
spacecraft Any defective photovoltaic generators or 
cells found are conveniently replaced. A solar simulator 
is used for this test 

[0OO3] A l^e Area Pulsed Solar Simulator (LAPSS) 
Is known In the art as a test system for such photovoltaic 
generators positioned on large photovoltaic power pan- 
els, also referred to as photovoltaic panels or solar pan- 
els, using a pulsed tight source, such as a Xenon flash- 
lamp. Pulsed light from the fiashlamp is directed at and 
illuminates the surface of the solar panel. The fiashlamp 
is typically located away from the solar panel to be test- 
ed by a distance great compared to the dimensions of 
the solar panel. This ensures that the entire surface of 
the solar panel Is uniformly Illuminated. Typically, the 
standard LAPSS can test a solar panel about 10 to 15 
feet square located at about 40 feet from the solar panel. 
The standard LAPSS uses one or two Xenon flashlamps 
that provide about 4,000.000 watts of power In about 
1 -2 msec flashes of light over a spectrum of at least 
400-1 800 nm, e.g. typically 1 80 nm to 2600 nm. Advan- 
tageously, the pulses of light simulate actual sunlight so 
that the effective performance of the solar panel can be 
measured prior to being placed In ortdlt on a satellite, for 
example. Thus, solar panels containing defective Junc- 
tions (l-e. photovoltaic generators or solar cells) can be 
advantageously replaced priorto being placed Into orislt. 
[0004] LAPSS offers a significant Improvement over 
. multi-lamp continuous solar simulators, also referred to 
as steady state solar simulators, which are prohibitively 
expensive. Additionally, such steady state solar simula- 
tors cause the surface of the solar panel to "heat up" 
due to the exposure of the solar panel to the steady state 
tight source; and thus, extensive cooling Is needed to 
control the temperature on the solar panel. Such steady 
state solar simulators are typically used to test entire 
spacecraft, whereas the conventional LAPSS is used to 



03 016A2 : 
test solar panels. 

[0005] However, newer types of photovoltaic panels 
require a light source that matches the spectrum of sun- 
light over a wider range of wavelengths than are obtain- 

3 able with the standard LAPSS. Such newer types of 
photovoltaic panels include multi-Junction photovoltaic 
panels. For example, a multi-junction photovoltaic panel 
may consist of three separate Junctions: a top junction 
responsive to light having a wavelength of 400-650 nm. 

to a middle junction responsive to light having a wave- 
length of 650-850 nm, and a bottom junction responsive 
to light having a wavelength of 850-1800 nm. In the 
standard LAPSS, the Xenon flashlamps match the solar 
spectrum quite well in the spectral region from 400 nm 

IS to 1 000 nm (with the proper selection of cunrent level); 
however, such flashlamps are significantly deficient In 
tiie infrared (IR) spectral region longer than 1000 nm. 
For example, the energy In this spectral region, from 
1 000 nm to 1 800 nm, is about one third as much as the 

20 energy of natural sunlight at one AMO (i.e. air mass zero, 
which is the solar constant at the average earth distance 
from the sun expressed In units of watts per square me- 
ter) in this spectral region. As such, the newer multi- 
Junction photovoltaic panels are not able to be aocurate- 

25 jy tested for rssj^onse to the long IR spectral region of 
1000 nm to 1800 nm using the standard LAPSS. 
[0006] It Is noted that large scale multi-lamp steady 
state test simulators can accurately test multi-junction 
photovoltaic devices; however, such simulators are pro- 

30 hibitlvely expensive and require extensive temperature 
control of the illuminated surfaces. What is needed is a 
pulsed solar simulator, e.g. LAPSS, that can more ac- 
curately match and simulate sunlight at one AMO In the 
spectral region of 1000 nm to 1800 nm, as well as sun- 

35 light at one AMO In the spectral region of 400 nm to 1 000 
nm, which Is required for the accurate testing of multi- 
junction photovoltaic solar panels. 
[0007] The present Invention advantageously ad- 
dresses the above and other needs. 

40 

SUMMARY OF THE INVENTION 

[0008] The present invention advantageously ad- 
dresses the needs above as well as otiier needs by pro- 
45 viding an Improved LAPSS that can accurately match 
and simulate sunlight at one AMO In the spectral region 
from 400 nm to 1800 nm, such that the accurate testing 
of solar panels using multi-Junction photovoltaic cells is 
possible. 

50 [0009] In one embodiment, the invention can be char- 
acterized as a pulsed solar simulator comprising one or 
more min-ors and a fiashlamp adjacent to the one or 
more min-ors. The fiashlamp produces pulsed light 
beams comprising wavelengths from 400 nm to 1800 

55 nm, wherein one or more primary pulsed light beams 
are directed at a target and one or more secondary 
pulsed light beams are directed ait respective ones of 
tiie one or more mirrors and arc directed toward the tar- 
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get as one or more reflected pulsed light beams by re- 
spective ones of the one or more mirrors. And, one or 
more respective spectral filters are positioned such that 
the one or more reflected pulsed light beams comprise 
light having a desired wavelength spectrum directed at 5 
the target. The one or more reflected pulsed light beams 
provide enhanced irradiation In the desired wavelength 
spectrum at the target compared to the irradiation pro- 
vided by the one or more primary pulsed light beams 
alone. 10 
[0010] In another embodiment, the invention can be 
characterized as a pulsed solar simulator comprising 
one or more mirror5_and a flashlamp adjacent to the one 
or more mirrors. The flashlamp produces pulsed light 
beams comprising wavelengths from 400 nm to 1 600 is 
nm, wherein one or more primary pulsed light beams 
are directed at substantially an entire testing surface of 
a target and one or more secondary pulsed light beams 
are directed at respective ones or one or more mirrors 
and are directed toward substantially the entire testing 20 
surface of the target as one or more reflected pulsed 
ilght bean^ by the respective ones of the one or more 
mirrors. The one or more reflected pulsed light beams 
provide enhanced inradiation at substantially the entire 
testing surface of the target compared to the irradiation ^ 
provided by the one or more primary pulsed light beams 
alone. 

[001 1 ] in yet another embodiment, the present inven- 
tion may be characterized as a method of solar simula- 
tion for testing photovoltaic solar cells comprising the so 
steps of: producing one or more primary pulsed light 
beams having wavelengths comprising 400 nm to 1 600 
nm omitted toward a target and one or more secondary 
pulsed light beams having the wavelengths comprising 
400 nm to 1 800 nm emitted away from the target; direct- 3s 
ing the one or more primary pulsed light beams toward 
a target; directing the one or more secondary pulsed 
light beams toward the target; filtering the one or more 
secondary pulsed light beams into a desired range of 
wavelengths; and irradiating the target with the one or 40 
more primary pulsed light beams and the one or more 
secondary pulsed light beams, wherein the one or more 
secondary pulsed Ilght beams provide enhanced irradi- 
ation in the desired range of wavelengths compared to 
the irradiation provided by the one or more primary ^ 
pulsed ilght beams alone. 

[0012] In an additional embodiment, the invention can 
be characterized as a method of solar simulation for 
testing photovoltaic solar cells donnprising the steps of: . 
producing one or more primary pulsed light beams hav- so 
Ing wavelengths comprising 400 nm to 1 800 nm emitted 
toward a target and one or more secondary pulsed light 
beams having the wavelengths comprising 400 nm to 
1 800 nm emitted away from the target; directing the one 
or more primary pulsed light beanns toward substantially ss 
an entire testing surface of a target; directing the one or 
more secondary pulsed light beams toward substantial- 
ly the entire testing surface of the target: and Irradiating 



substantially the entire surface of the target with the one 
or more primary pulsed ilght beams and the one or more 
secondary pulsed ilght beams, wherein the one or more 
secondary pulsed light beams provide enhanced irradi- 
ation at substantially the entire testing surface of the tar- 
get compared to the InBdlation provided by the one or 
more primary pulsed light beams alone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] The above and other aspects, features and ad- 
vantages of the present invention will be more apparent 
from the following more particular description thereof, 
presented in conjunction with the following drawings 
wherein: 

FIG. 1 is a diagram of a prior art Large Area Pulsed 
Solar Simulator (LAPSS) : 
FIG. 2 is a graph of the relative spectral Intensity vs. 
wavelength for the spectral region of a prior art 
Large Area Pulsed Solar Simulator of FIG. 1 com- 
pared to the relative spectral intensity vs. wave- 
length of sunlight at one AMO (air mass zero); 
FIG. 3 is a diagram of an improved Large Area 
Pulsed Solar simulator employing planar min^ors In 
accordance with one embodiment of the present in- 
vention; 

FIG. 4 is a diagram of a variation of the Improved 
I^rge Area Pulsed Solar Simulator of FIG. 3 em- 
ploying spectral filters; 

FIG. 5 Is a diagram of yet a variation of the improved 
Large Area Pulsed Solar Simulator of FIG. 4 em- 
ploying spectral filters and baffles; 
FIG. 6 is a diagram of an Improved l^rge Area 
Pulsed Solar Simulator employing multiple sets of 
planar mirrors and spectral filters in accordance 
with another variation of FIG. 4; 
FIG. 7 Is a diagram of an improved Large Area 
Pulsed Solar Simulator employing multiple flash- 
lamps each with planar mirrors and spectral filters 
in accordance with a variation of the embodiment 
of FIG. 6; 

FIG. 8 is a graph of the relative spectral intensity vs. 
wavelength for the spectral region of the prior art 
I^PSS of FIG. 1 compared to that of the sunlight at 
one AMO and further compared to a theoretical rel- 
ative spectral intensity vs wavelength of an Im- 
proved Large Area Pulsed Solar Simulator using 
. planar mirrors and spectral filters in accordance 
witti the embodiments of FIGS. 4-7; and 
PIG. 9 is flowchart of the steps performed In use of 
the one or more embodiments and variations there- 
of as shown In FIGS. 3-7. 

[0014] Corresponding reference characters indicate 
con-esponding components throughout the several 
views of the drawings. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] The following description of the presently con- 
templated best mode of practicing the invention is not 
to be taken in a limiting sense, but is made merely for 
the purpose of describing the general principles of the 
invention. The scope of the invention should be deter- 
mined with reference to the claims. 
[001 6] Referring first to FIG. 1 , a diagram Is shown of 
a prior art Large Area Pulsed Soiar Simulator (LAPSS). 
Shown is the LAPSS 1 00 including a ftashlamp 1 02, tar- 
get plane 104 (also refen^ed to as a target], and the 
beam of light 106 emitted from the LAPSS. 
[001 7] In practice, a LAPSS produces a beam of light 
106 (or pulsed light beam) desirably having approxi- 
mately the same intensity and wavelength as sunlight 
, at one AMO (air mass zero). The LAPSS Is used to test 
photovoltaic power panels, e.g. solar panels. LAPSS us- 
es one or two flashlamps 102, such as xenon flash- 
lamps, that produce high intensity, short duration, puls- 
es of light in the spectrum from 1 80 nm to 2600 nm, i.e. 
white light. Furthermore, the solar panels (for example, 
at the target plane 1 04) to be tested include photovoltaic 
generators or cells. These photovoltaic cells typically In- 
clude a high pass spectral fitter (not shown) positioned 
over the photovoltaic cells that block light having a 
wavelength of less than 400 nm. since such light less 
than 400 nm commonly damages the photovoltaic cells 
over time during testing. Thus, the beam of light 106 (i. 
e., the light field, which in this case is defined as the sum 
of light that irradiates the target plane) reaching the tar- 
get plane Is typically between 180 nm and 2600 nm, 
while the light that actually reaches and tests the pho- 
tovoltaic ceils of the solar panel on the target plane 1 04 
Is between 400 nm and 2600 nm, and furthermore, the 
spectral Intensity of this light begins to decrease signif- 
icantly at wavelengths longer than 1000 nm. such Xe- 
non flashlamps are well known high intensity gas dis- 
charge type lamps that are available in many sizes and 
have been used in the standard LAPSS for many years. 
[001 8] Typically, the f lashlamp 1 02 is housed within a 
metal lamp housing (not shown) that Includes an aper- 
ture (not shown) or window for the beam of light 106 
emitted from the flash lamp 1 02 to irradiate a target plane 
1 04, for example, the surface of the solar panel including 
photovoltaic cells to be tested. The lamp housing In- 
cludes non-reflecthre Interior walls such that pulsed light 
emitted from the back and side of the fiashlamp 1 02 is 
not reflected back at the target plane 1 04. Such reflected 
light may Introduce substantial non-uniformity Into the 
total light field emitted toward the target plane 1 04 For 
example, in a non-unifomi light field, the intensity of the 
light field may vary at differing locatk>ns on the target 
plane 104. 

[0019] Thus, the standard LAPSS provides a uniform 
intensity beam of light 106 that is directed at the target 
plane 104, e.g. the surface of the solar panel or photo- 



voltaic panel containing the photovoltaic cells (also 
known as the testing surface). Typically, a standard 
LAPSS produces a beam of light 1 06 having an accept- 
able uniformity within about plus or minus 2 percent. 

5 Furthermore, depending on the power level of the flash- 
tamp 1 02, the unlfomn Intensity beam of light 1 06 emitted 
by the fiashlamp 102 of the LAPSS can be made to 
closely simulate sunlight Irradiating the target plane 1 04. 
[0020] Other components of the LAPSS 100 include 

10 a DC power supply (not shown) which provides a DC 
voltage across the flashlamp 1 02 which ionizes the gas, 
creating a discharge that conducts current and In turn 
releases energy In the form of heat and light, e.g. the 
beam of light 106. Fans (not shown), or other cooling 

15 devtees are provkled to cool the Xenon f lashlannps 1 02 
in between and during flashes. It is noted that the struc- 
ture and components of the standard LAPSS system are 
well known In the art, for example, a standard LAPSS Is 
commercially available from Spectrolab of California; 

20 thus, further explanation is not required. 

[0021] Referring next to FIG. 2, a graph 200 is shown 
of the relative spectral Intensity vs. wavelength for the 
spectral region of the prior art LAPSS of FIG. 1 com- 
pared to that of the sun at one AMO. As illustrated, the 

25 solar panels using single Junction and dual-Junction pho- 
tovoltaic cells are responsive to light having wave- 
lengths in the first spectral region 202, i.e. light having 
a wavelength between approximately 400 nm and 850 
nm. As seen, within the first spectral region 202, the in- 

30 tensity of the standard LAPSS (shown as line 206) 
closely simulates the intensity of sunlight at AMO (shown 
as line 208). It is known that the spectral intensity (in 
units of watts/cm^/hilcron) across a given spectral ne- 
gton, e.g. the first spectral region 202, does not need to 

35 match the spectral intensity of sunlight across the given 
spectral region, e.g. the first spectral region 202, exact- 
ly; however, the total Integrated energy of the light fieki 
from the LAPSS within the first spectral region 202 
should approximate the total integrated energy of the 

40 sunlight with the flrst spectral region 202. 

[0022] However, the newer multi-junction photovolta- 
ic cells are responsive to light within the second spectral 
region 204, i.e. light having a wavelength between ap- 
proximately 850 nm and 1 800 nm, as well as light within 

45 the first spectral region 202. As seen in FIG. 2, in the 
second spectral region 204, the spectral intensity of the 
standard I^PSS (shown as line 206) is signif teantiy less 
than that of sunlight (shown as line 208) in the second 
spectral region 204, In particular between 1000 nm and 

50 1800 nm (also referred to as the long iR region). As 
such, the total integrated energy for the second spectral 
region 204 of the LAPSS is significantly less than the 
total Integrated energy of sunlight at one AMO in the 
second spectral region 204, i.e. about 1/3 that of sunlight 

55 at 1 AMO. And thus, the conventional LAPSS is unable 
to accurately test the multi-Junction photovoltaic panels 
using multi-Junction photovoltaic ceils under natural 
" conditions. Thus, it is not possible to accurately test a 
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solar panel using multi-Junction photovoltaic cells to see 
whether it Is defective or not using a LAPSS as presently 
known. The present invention conrects this deficiency of 
light in the spectral region between 1000 nm and 1800 
nm in an'improved LAPSS. 5 
[0023] Referring next to FIG. 3, a diagram is shown 
of an improved Large Area Pulsed Solar simulator 
(LAPSS) employing planar mirrors in accordance with 
one embodiment of the present invention. Shown is the 
improved LAPSS 300 including a flashlamp 1 .02, planar 
min-or 302 (or mirror) and emitting a primary beam of 
light 304 (also refen^ed to as a primary pulsed light beam 

304 or the beam of light 1 06), a secondary beam of light 

305 (also raf enred to as a secondary pulsed light beam) 
and a reflected beam of light 306 (also referred to as a 
reflected pulsed light beam). 
[0024] The Improved LAPSS 300 is configured simi- 
larly to the prior art LAPSS 100; however, the improved 
LAPSS 300 includes a planar mirror positioned behind 
and to the side of the flashlamp 1 02 and within the lamp 
housing (not shown), Thus, the planar minx)r 302 is ad- 
jacent to the flashlamp 1 02 or flanks the flashlamp 1 02. . 
The planar mirror 302 is mounted within the lamp hous- 
ing, for example, by using a support bracket, support 
plane or other means to physically anchor the planar 
mirror 302 into the lamp housing such that light emitted 
from the back and side of the flashlamp 1 02 may be di- 
rected towards the target plane (not shown), e.g. a multi- 
Junction photovoltaic solar panel. Typically, the planar 
mirror 302 is hold in place with support brackets within 
the lamp housing that connect to the top end and the 
bottom end of the planar minror 302. Alternatively, this 
planar min-or 302 may be rotatably anchored within the 
lamp housing such that the planar minror 302 may be 
adjusted depending on the size of the target plane and 
the distance to the target plane. The flashlanrtp 1 02 and 
the planar mirror 302 are viewable through the aperture 
(not shown) of the lamp housing from the target plane, 
i.e. where the solar panel to be tested is located. 
[0025] The primary beam of light 304 may also be re- 
ferred to as a first portion of the pulsed light, such that 
the first portion of the pulsed light Is emitted toward the 
target plane. Note that the reflected beam of light 306 is 
really the secondary beam of light 305 having been re- 
flected by the planar minror 302. The secondary beam 
of light 305 may also be referred to as a second portion 
of the pulsed light emitted from the flashlanrtp 102, ex- 
cept that the second portion of the pulsed light is emitted 
away from the target plane. Thus, the reflected beam of 
ligiit 306 is the same as the secondary beam of light 305 
and is shown separately for illustration purposes to 
shown the beam before and after reflection by the planar 
mirror 302. As such, the reflected beam of light 306 has 
the same characteristics as the primary beam of light 
304 emitted directly at the target plane, i.e. both the pri- 
mary beam of light 304 and the reflected beam of light 

306 (secondary beam of light 305) Include light having 
wavelengths In the region of at least 400 nm to 1 800 



nm. Note that there is a third portion of the pulsed light 
that Is not emitted toward or reflected toward the target 
plane, hut which is absorbed, non-reflected, or other- 
wise directed away from the target plane. Again, as with 
the conventional LAPSS 100, this embodiment of the 
improved LAPSS 300 also includes high pass filters (not 
shown) on the solar panel (target plane) Itself whteh fil- 
ters the light entering the solar cells to wavelengths 
greater than 400 nm to prevent damage to the solar 
cells. 

[0026] The Improved LAPSS takes advantage of the 
light emitted from the back and side of the flashlamp 
(secondary beam of light 305), whereas in the conven- 
tional LAPSS, such light Is not used (In fact, non-refleo- 
tlve Inner surfaces, e.g. anodlzed metal, or baffles pre- 
vent 8uch light from reflecting back towards the target 
plane In the conventional LAPSS). Again, such reflected 
light undesirably introduces non-uniformity into the light 
field that Irradiates the target plane. The improved 
LAPSS 300 still uses non-reflective inner walls of the 
lamp housing with the addition of the planar mirror 302 
In order to prevent the third portion of pulsed light from 
being directed toward the target plane. Advantageously, 
the secondary beam of light 305 is uniformly reflected 
by the planar mim>r 302 back toward the target plane 
as the reflected beam of light: 306. Since light from dif- 
ferent sources incident upon the same location Is addi- 
tive, the intensity of the reflected beam of light 306 adds 
to the intensity of the primary beam of light 304 that is 
directly emitted toward the target plane. In effect, the 
irradiation of the target plane is increased or enhanced 
with the use of the planar mirror 302 across all parts of 
the spectrum. Thus, the intensity of the light field (i.e., 
the 8urn of light irradiating the target plane) reaching the 
target plane in the spectral region between 400 nm and 
1 800 nm Is increased, whk:h has the affect of increasing 
the number of flashlamps used less reflector losses. 
[0027] Although the use of the planar mirror 302 pro- 
vides an increased or enhanced total light field across 
the entire spectmm between 400 nm and 1 800 nm; and 
thus, the spectral region between 1000 nm and 1800 
nm is advantageously enhanced, this Improved LAPSS 
does not adequately enables the testing of multi-junc- 
tion photovoltaic panels that are responsive to light in 
the spectral region from 1000 nm to 1800 nm, as well 
as responsive to light In the spectral region between 400 
nm and 1 000 nm. While certainly, the spectra} profile has 
been increased or enhanced in the region between 1 000 
nm and 1 800 nm, the spectral profile has also been in- 
creased between 400 nm and 1000 nm. As such, the 
light field entering the multi-Junction solar panel contains 
too much intensity in the region between 400 nm and 
1 000 nm, i.e. more than the Sun at 1 AMO. The solution 
to this problem is described with reference to FIGS. 4-9. 
[0028] However, advantageously, the configuration 
as embodied in FIG. 3 is useful in the testing of solar 
panels that require higherthan normal illumination, such 
as panels on Venus or Mercury probes using single Juno- 
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tion (or mutti-junction) solar ceils. These solar panels 
are typically for use in spacecraft thatto be located phys- 
ically closer to the sun than in orbit around the Earth. 
For example, these spacecraft are pieced in orbit 
around other planets closer to the Sun, such as Venus 
or Mercury. Thus, such single Junction cells require a 
testing light source greater than 1 AMO over the desired 
spectral region, i.e. the spectral region that the single 
Junction cell to be used in the Mercury probe, for exam- 
ple, is responsive to. The use of the embodiment of FIG. 
3 advantageously provides an increased illumination on 
such solar panels without Increasing the number of 
flash lamps (which is costly and poses problems coordi- 
nating the flashing between multiple flashlamps) and 
without modifying the spectral distribution over the de- 
sired spectral region. Thus, a simple and effective test- 
ing apparatus Is provided for testing single junction, or 
multi-junction cells, that require a higher than normal in- 
tensity of illumination or inudiance. 
[0029] It Is important that planar minrors 302 are used 
Instead of curved or parabolic min'ors, since the use of 
such curved mirrors introduces non-uniformity in the 
emitted light field (e.g. the reflected beam of light 306 
has a different uniformity than the secondary beam of 
light 305). TTie light field is the sum of all light irradiating 
the target plane, i.e. the sum of the primary beam of light 
304 and the reflected beam of light 306 (secondary 
beam of light 305 reflected). For example, In a non-uni- 
form light field, the intensity of the light field emitted will 
vary at differing points on the target plane. As is known 
in the art of solar simulators, the light field emitted 
should be as uniform as possible, i.e. within ±2%. Thus, 
although the use of curved mirrors may enhance the 
overall intensity of light across the spectrum, the curved 
mirror would undesirably introduce non-unlfonntty into 
the light field. 

[0030] Altemativety, other reflector shapes may prove 
advantageous in use, such as curved reflectors or par- 
abolic reflectors, such that a non-uniform light pattern 
may be desirable in certain applications. For example, 
it may be advantageous to model a certain light distri- 
bution having a degree of non-unifonnity and test the 
response of the solar panel. As such, the planar minror 
302 may be embodied as a non-planar minror and the 
reflected beam of light 306 may be a non-unifonnly re- 
flected beam of light 

[0031] Additionally, it is important to note that planar 
mirror 302 directs (or reflects) light that illuminates sub- 
stantially the entire target plane, e.g. the testing surface 
of the solar panel or the surface of the solar panel in- 
cluding the photovoltaic ceils. Thus, the entire target 
plane is illuminated by the reflected beam of light 306. 
[0032] Furthermore, it is important that the Intensity 
of the light field in the spectral region between 400 nm 
and 1 800 nm has been increased without increasing the 
power setting of the flashlamp 102. This Is particutariy 
advantageous because this enables the standard 
LAPSS to be used without altering the power level or 



spectral profile of the flashlamp 102, while enhancing 
the Intensity of the light field within the spectral region 
between 400 nm and 1 800 nm by providing a planar mir- 
ror 302 to direct a uniformly reflected beam of light 306 

5 back at the target plane. 

[0033] Other possible solutions to accurately testing 
these solar cells that require a higher intensity InBdiation 
may Include using lenses or other optics to enhance the 
overall irradiation or the light field; however, since such 

10 optics will introduce non-uniformity into the irradiating 
lightfleld (similar to the use of curved min-ors). such so- 
lutions are usually undesirable, although may be advan- 
tageous in some applications in which a non-uniform 
light field is desired. 

IS [0034] Thus, using a planar mirror 302 to reflect a sec- 
ondary beam of light 305, i.e. reflected beam of light 306, 
provides a very simple and elegant solution to enhanc- 
ing the intensity of the light field in the region from 400 
nm to 1800 nm, whrch will enable the accurate testing 

20 of solar panels used, for example on Venus or Mercury 
probes, that have single or multi-junction photovoltaic 
cells requiring a testing Illumination field of an intensity 
greater than 1 AMO. 

[0035] Referring next to FIG. 4, a diagram is shown 
2s of a variation of the improved Large Area Pulsed Solar 
Simulator of FIG. 3 employing spectral filters. Shown is 
another enfibodiment of an Improved LAPSS 400 Includ- 
ing the flashlamp 102, primary beam of light 304, planar 
mirror 302 (or mirror), spectral filter 402, secondary 
30 beam of light 305 and reflected beam of light 306. The 
primary, secondary, and reflected beams of light are 
similarly defined as above. 

[0036] This embodiment of the improved I^PSS is 
configured nearly identically to the embodiment shown 

35 in FIG. 3, with the addition of a spectral filter 402 posi- 
tioned in between the planar mirror 302 and the target 
plane (not shown), i.e. the multi-junction photovoltaic 
solar panel. Tho spectral fitter 402 Is typically mounted 
or held in position such that the reflected beam of light 

40 306 (secondary beam of light 305) passes directly 
through and is filtered by the spectral filter 402 on Its 
path toward the target plane, but the primary beam of 
light 304 (or beam of light 304) does not pass through 
the spectral filter 402 on its path toward the target plane. 

<s Thus, typteally the spectral filter 402 is mounted within 
the lamp housing (not shown) In front of the planar mirror 
302, but not in front of the primary beam of light 304. 
The spectral filter 402 may be mounted within the lamp 
housing by using standard mounting brackets ormount- 

so ing plates as known in the art. As will be described be- 
low, the spectral filter 402 may be positioned in between 
the flashlamp 102 and the planar mirror 302, such that 
the secondary beam of light 305 is filtered prior to being 
reflected, or directed toward the target plane. 

55 [0037] In operation, the spectral filter 402 allows the 
passage of tight having a desired range of wavelengths 
and blocks light having wavelengths outside of the de- 
sired range of wavelengths. In this embodiment, the 



spectral fitter 402 is a long pass fitter as known in the 
art. Advantageously, in this enr^bodiment. the spectral fil- 
ter 402 allows light having wavelengths greater than 
1000 nm to pass, Le. light In the long IR region, while 
blocking light having wavelengths less than 1000 nm. 
Thus, the sum of the primary beam of tight 304 and the 
reflected beam of tight 306, which Includes tight in the 
spectral region greater than 1000 nm, advantageously 
provides a totat tight fietd that has essentially twice the 
spectral intensity of tight in the spectrat region between 
1 000 nm and 1 BOO nm as compared to the conventional 
LAPSS, while advantageously maintaining the same 
spectral intensity as the conventional LAPSS in the 
spectral region from 400 nm to 1 000 nm. Thus, accurate 
testing of multi-junction photovoltaic panels is possible 
because the total light field, I.e. the sum of the primary 
beam of light 304 and the reftected beam of tight 306, is 
enhanced with tight in the tong IR region, i.e. between 
\ 1 000 nm and 1 800 nm. 

* [0038] In contrast to the embodiment of FIG. 3, the 

embodiment of FIG. 4 increases or enhances the inten- 
sity of the total light field only in the desired range of 
wavelengths, instead of across the entire spectrum from 
400 nm to 1800 nm. The term enhanced as used 
throughout the specification generally means Increased 
or strengthened, as In an enhanced illumination, en- 
hanced intensity, or an enhanced light field. Thus, the 
device of FIG. 3 may be used to test solar cetts requiring 
enhanced intensity itiumination across the entire spec> 
trum, but the device of FIG. 4 should not accurately test 
such solar ceils because the intensity of the total light 
field is not enhanced between 400 nm and 1000 nm. 
Furthermore, advantageously, the testing of multf-junc- 
tk>n cells that require a testing Illumination light field of 
approximately 1 AMO from 400 nm up tol 800 nm Is en- 
abled. The embodiment of FIG. 4, Increases the Inten- 
sity of the totat tight field in the second spectrEd region 
204 of FIG. 2 white not altering the intensity of the totat 
tight field in the first spectrat region 202 of FIG. 2. Thus, 
in contrast to theconventtonai t_APSS of FIG. 1 , the total 

) light field produced by the improved LAPSS of FIG. 4 is 

enhanced in the tong IR region; thus, more accurately 
simulating actual sunlight at 1 AMO. 
[0039] Again, similar to the embodiment shown in 
FIG. 3, the embodiment in FIG. 4 accomplishes this en- 
hanced Irradiation without Increasing the power of the 
flashlamp 1 02 or increasing the number of fiashlamps 
102. Furthermore, a planar mirror 302 is used, which 
again causes the reflected beam of light 306 to be very 
. unifonn. Thus, the sum of the primary beam of light 304 
and the reflected beam of light 306 Is essentially uni- 
form, i.e. within ± 2% unifomiity. Additionally, since the 
distance from the flashlamp 1 02 is great, e.g. about 40 
fact, the entire testing surface (atthe taipet plane) of the 
solar panel is in^dlated unifbnnly by both the primary 
beam of tight 304 and the reflected beam of light 308. 
[0040] Again, as stated above, other embodiments of 
the improved LAPSS of FIG. 4 (and also the Improved 



UVPSS as described further in FIGS. 5, 6 and 7) may 
use a non-planar min-or, as it may prove advantageous 
or desirable to model a total light field having a certain 
degree of non-unlfonnlty. As such, the planar miror 302 

5 may be a curved or parabolic minor and the reflected 
beam of light 306 may thus be a non-unlfomnly reflected. 
[0041] Furthermore, the embodiment shown In FIG. 4 
also produces a total light field that has the same spec- 
trat Intensity in the spectral region between 400 nm and 

10 1 000 nm as the conventional l^PSS of FIG. 1 , whereas 
the embodiment shown in FIG. 3 essentially has dou- 
bled intensity In this spectral region between 400 nm 
and 1000 nm. Thus, advantageously, the entire solar 
spectrum from 400 nm to 1 800 nm Is more accurately 

IS simulated in the Improved LAPSS of RG. 4 since the 
conventional LAPSS already accurately simulates the 
solar spectrum between 400 nm and 1000 nm without 
additional enhancement and the spectral region be- 
tween 1000 nm and 1800 nm has been sufficiently en- 

20 hanced to overcome the deficiencies of the conventional 
LAPSS. 

[0042] Refening next to FIG. 5, a diagram is shown 
of a variation of the improved Large Area Pulsed Solar 
Simulator of FIG. 4 employing spectral filters and baf- 
ss fies. Shown Is a variation of an improved LAPSS 500 
including the flashlamp 102, primary beam of light 304, 
planar mirror 302, spectral filter 402, secondEuy beam 
of light 305, rsfle^ed beam of light 306, and a slit baffle 
502. 

30 [0043] This embodiment of the present invention is 
configured as the embodiment shown in FIG. 4 and 
again Is used in the accurate testing of multi-junction 
solar ceils responsive to light from 400 nm to 1 800 nm; 
however, a slit baffle 502 Is positioned In between the 

35 fiashlamp 102 and the target plane (not shown) such 
that the primary beam of light 304 passes therethrough, 
but the secondary beam of light 305 and the reflected 
beam of light 306 do not pass therethrough. The slit baf- 
fle 502 is typk:aity fixed within the lamp housing (not 

40 shown) such that the slit baff te 502 is positioned in front 
of the flashlamp 1 02 but not blocking the reflected beam 
of light 306. The slit baffle 502 may be held in position 
In front of the flashlamp 102 using standard mounting 
brackets or supports. Thus, the flashlamp 102, the slit 

45 baffle 502, the planar mirror 302, and the spectral filter 
402 are all viewable through the aperture (not shown) 
of the lamp housing from the target plane. 
[0044] The slit baffle 502 is used to limit the effective 
length of the flashlamp 102 and lowerthe irradiation lev- 

50 ei of the primary beam of light 304. Thus, this embodi- 
ment is primarily used for small area solar panel testing. 
For example, the overall power of the total light field, i. 
e. the combined primary beam of light 304 and the re- 
fiected beam of light 306, is about one-third of that of 

55 the standard LAPSS enabling the testing of solar panels 
having an area about half of that of the standard large 
area, e.g. 2' to 4' square. The size of the slit baffle 502 
and the specific amount of the iaadiation that is limited 
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is optimized in order to balance the spectral intensity of 
the irradiation of the target plane over the entire spec- 
trum of 400 nm to 1800 nm. Such slit baffles 502 are 
well known In the art and readily available. Advanta- 
geously, the Improved l^PSS can be readily adjustable 
to accurately test differently sized photovoltaic solar 
panels, and in particular, multi-junction photovoltaic 
panels that are more sensitive to the light having a wave- 
length between 1000 nm and 1800 nm. Aitematively, 
other baffles, (without slits) as i^nown in the art, may be 
used to limit the intensity of the primary beam of light 
304. 

[0045] Referring next to FIG. 6. a diagram Is shown 
of an Improved Large Area Pulsed Solar Simulator 
(LAPSS) employing multiple sets of planar minors and 
spectral filters in accordance with another variation of 
the embodiment of FIG. 4. Shown is another embodi- 
ment of an improved LAPSS 600 including the flashlamp 
102, primary beam of light 304, planar mirrors 302, 
spectral filters 402, secondary beams of light 305, re- 
flected beams of light 306, (amp housing 602, non-re- 
flecdve inner walls 604, and the aperture 606. 
[0048] This embodiment of the present Invention is 
configured simllarty to that of FIG. 4; however, four pla- 
nar mirrors 302 are positioned to untfomily reflect four 
reflected beams of light 306. Thus, four planar min'ors 
302 are fixed behind and to the side of the flashlamp 
102 or at the side of the flashlamp 102 within the lamp 
housing 602. For example, one each side of the flash- 
lamp 102, one planar mirror 302 may be positioned at 
an angle behind and to the side of the flashlamp 102, 
while another planar mln^or 302 may be positioned at 
another angle directly to the side of the flashlamp 102. 
Thus, the four planar minrors 302 are located adjacent 
to the flashlamp 102 or 'Ylank" the flashlamp 102 and 
are oriented such that the secondary beams of light 305 
are directed back towards the target plane (not shown) 
as reflected beams of light 306. Note that the planar mir- 
rors 302 may be rotatably attached within the lamp 
housing 602 such that they may be precisely positioned 
depending on the size of the target plane and the dis- 
tance from the target plane. Furthemnore, spectral filters 
402 are shown as positioned between the flashlamp 1 02 
and each of planar minx)rB 302, i.e. within the path of 
the secondary beams of light 305 to the target plane. 
Note that the spectral filters 402 are shown as four sep- 
arate spectral filters 402, but may be configured as one 
spectral filter on each side of the flashlamp 102. The 
four planar min'ors 302 and the spectral filters may be 
mounted within the lamp housing with mounting brack- 
ets or plates. Again, the flashlamp 102, the four planar 
mirrors 302, and the four spectral filters 402 ail are lo- 
cated within the lamp housing 602 and are all viewable 
through the aperture 606 of the lamp housing 602 from 
the target plane. The lamp housing 602 contains non- 
reflective inner walls 604 to prevent non-untfonnly 
reflected light from irradiating the target plane. 
[0047] In operation, this embodiment of the improved 



LAPSS 600 provides a greater spectral enhancement 
than the embodiments of FIGS. 3 through 5, since mul- 
tiple separate secondary beams of light 305 are filtered 
and directed (reflected) back toward the target plane as 

5 reflected beams of light 306, In addition to the primary 
beam of light 304 that is directly projected toward the 
target plane (as In the standard LAPSS). This embodi- 
ment enables spectral balance across the entire range 
from 400 nm to 1 800 nm while using the full available 

10 lamp power. All of the secondary beams of light 306 are 
advantageously uniformly reflected so that no non-uni- 
formity is Introduced into the total light field (e.g. the uni- 
fonnity of the total light field is within ± 2%). 
[0048] Additionally, a single type of long pass spectral 

19 filter (also referred to as an IR filter) may be used having 
a cutoff of 1 000 nm, for example. Thus, the secondary 
beams of light 305 having been filtered and reflected 
beanns of light 306 will only contain light in the long IR 
spectral region, i.e. wavelengths greater than 1000 nm. 

^ [0049] Aitematively, the spectral fitters 402 may have 
different points at which they transmit light, allowing for 
the fine tuning of the spectral match. Thus, for a certain 
power level, the total light field may be configured to 
most dosety simulate natural sunlight at 1 AMO. For ex- 

25 ample, there may be two spectral filters on each side of 
the flashlamp 1 02, a first long pass spectral filter at 1 000 
nm and a second long pass spectral filter at 1500 nm. 
Thus, for example, the total additive light field (I.e. the 
sum of the primary beam of light 304 and all of the re- 

30 spectlve reflected beams of light 306) might have the 
standard intensity known in the standard LAPSS be- 
tween 400 nm and 1 000 nm, a double spectral intensity 
level between 1000 nm and 1500 nm, and a quadruple 
spectral intensity between 1 500 nm and 1 800 nm. Thus, 

35 advantageously, depending on the specific chotoe of 
spectral filters and their respe^ve cutoff points, the 
spectral balance of the total light field may be controlled. 
[0050] Additionally, siit baffles may be positioned be- 
tween one or moro of the planar min-ors 302 and the 

40 target plane, so as to further fine tune the spectral bal- 
ance of the total light field. 

[0051] It is important to note that due to the distance 
from the flashlamp 102 to the target plane, e.g. about 
40 feet, the primary beam of light 304 and each of the 

45 reflected beams of light 306 fully Irradiate the entire sur- 
face of the target plane with unifonn light. This is 
achieved without altering the original distance of the 
standard LAPSS from the target plane and without in- 
creasing the number of flashlamps 102 used. Further- 

so . more, the spectral filters 402 may be positioned be- 
tween the planar mirrors 302 and the target In other em- 
bodiments. 

[0052] Refening next to FIG. 7, a diagram is shown 
of an improved Large Area Pulsed Solar Simulator em- 
55 ploying multiple flashlamps each with planar min'ors and 
spectral filters in accordance with a variation of the em- 
bodiment of FIG. 6. Shown is another embodiment of an 
improved LAPSS 700 including two flashlamps 1 02, two 
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primary beams of light 304 from a respective one of the 
two flashlamps 102, planar mirrors 302, spectral filters 
402, baffle 702, secondary beams of light 305, reflected 
beams of light 308, lamp housing 602, non-reflective In- 
ner walls 604, and the aperture 608. 
[0053] This embodiment of the present invention Is 
configured similarly to that of FIG. 6; however, Instead 
of one fiashlamp 1 02, two flashlamps 1 02 are employed. 
Each fiashlamp 102 produces a primary beam of light 
304 and is flanked by two planar mirrors 302, each ori- 
ented to uniformly reflect respective secondary beams 
of light 305 as respective reflected beams of light 306 
toward the target plane (not shown). Thus, the four pla- 
nar mirrors 302 are fixed behlnd.and to the side of the 
flashlamps 1 02 or to the side of the flashlamps 1 02 with- 
in the lamp housing 602, i.e. the planar mirrors 302 are 
located adjacent or flank the respective flashlamps 1 02. 
Note again that the planar mirrors 302 may be rotatably 
attached within the lamp housing 602 such that they 
may be precisely positioned depending on the size of 
the target plane and the distance from the target plane. 
A baffle 702 Is positioned In between the two flashlamps 
102 to prevent light emitted from one fiashlamp to be 
added to light emitted from the other fiashlan^ and re- 
flected by the planar mirrors aligned with the other flash- 
lamp. Furthermore, spectral filters 402 are shown as po- 
sitioned between each fiashlamp 102 and each respec- 
tive planar min-or 302. Note again that the spectral filters 
402 are shown as four separate spectral filters 402. but 
may be configured as one spectral filter 402 at the side 
of each fiashlamp 1 02. Furthermore, all of the compo- 
nents within the tamp housing 602 may be mounted 
therein witii mounting brackets or mounting plates, for 
example. Again, the two flashlamps 102, the four planar 
mirrors 302, and the four spectral filters 402 all are lo- 
cated within the lamp housing 602 and are all viewable 
through the aperture 606 of the lamp housing 602 from 
the target plane. The lamp housing 602 contains non- 
reflective inner walls 604 to prevent non-uniformly re- 
flected light from irradiating the target plane. 
[0054] I n operation, this embodiment of the improved 
LAPSS 700 that uses two flashlamps 1 02 (e.g. two Xe- 
non flashlamps) provides an enhanced IR spectral In- 
tensity compared to dual fiashlamp conventional 
l^PSS. Thus, with the use of planar min'ors 302 and 
spectral filters 402, the total light field emitted at the tar- 
get plane is enhanced in the spectral region between 
1000 nm and 1800 nm, which enables accurate solar 
simulation of 1 AMO for accurately testing multi-junction 
photovoltaic solar panels. 

[0055] Referring next to FIG. B, a graph is shown of 
the relative spectral intensity vs. wavelength for the 
spectral region of the prior art LAPSS of FIG. 1 com- 
pared to that of the sun at air mass zero (AMO) and fur- 
ther compared to the theoretical relative spectral inten- 
sity vs. wavelengtii of an improved LAPSS using planar 
mirrors and spectral fitters in accordance with the em- 
bodiments of the present invention as shown in FIGS. 



4-7. Shown are the relative spectral intensity (in units of 
watts/cm^/hiicron) of the sun at 1 AMO 802, the standard 
LAPSS 804, and the theoretical IR enhanced LAPSS 
806 over wavelength in units of nanometers. 

5 [0056] As lltustrated.'and as expected, the spectral In- 
tensity of the standard LAPSS 804 and the enhanced 
LAPSS 806 are Identical up until about 1000 nm. Thus, 
accurate testing can be conventionally done to the solar 
panels using single Junction and dual-junction photo- 

10 voltaic cells that are responsive to light having wave- 
lengths between approximately 400 nm and 850 nm, as 
described above. Again, as earlier described and Illus- 
trated, ttie spectral intensity of the standard LAPSS 804 
does not adequately simulate natural sunlight at wave- 
's lengths greater than 1000 nm, which is required to test 
multi-junction photovoltaic solar cells. The total integrat- 
ed energy of the wavelengths between 1 000 nm and 
1 800 nm is about one third that of sunlight at 1 AMO. 
[0057] Advantageously, the spectral intensity of the 

20 enhanced i-APSS 806 provides an enhanced light field 
In the spectral region greater than 1000 nm; and thus, 
more closely simulates sunlight at 1 AMO 802. Again, 
the spectral intensity does not have to match exactly (e. 
g. point to point) that of sunlight, but the total integrated 

25 energy of the enhanced LAPSS for the spectral band (1. 
e. 1 000 nm to 1 800 nm) should match the total integrat- 
ed energy of sunlight at 1 AMO for the same spectral 
band. In fact, the total integrated energy of the enhanced 
LAPSS over spectral region of 1000 nm to 1800 nm is 

30 slightly greater than that of natural sunlight. 

[0058] Thus, advantageously, it is possible to accu- 
rately simulate natural sunlight across the entire spec- 
tral region from 400 nm to 1800 nm and therefore, to 
accurately test the functionality and reliability of multi- 

35 Junction photovoltaic cells on solar panels under natural 
conditions. The solution of using planar min-ors and 
spectral filters provides a simple and easy method to 
Implement an improvement to the standard LAPSS with- 
out adding additional lamps, without introducing non- 

40 uniformity into tiie total light field, without increasing the 
lamp power and without altering the distance of the 
flashlamp/s from the target plane. 
P059] Refen^lng finally to FIG. 9. a flowchart is shown 
of the steps performed in use of the one or more em- 

^ bodlments and variations thereof as shown in FIGS. 3-7. 
Rrst, an improved LAPSS (as earlier described with ref- 
erence to FIGS. 3-7) directs one or more primary pulsed 
light beams at a target (Block 902), for example, using 
one or more Xenon flashlamps as known In the art. The 

50 primary pulsed light beams are the primary beams of 
light 304 described above and are emitted directly at the 
target plane (e.g. testing surface of the. solar panel) 
tiirough the aperture of the lamp housing, as is known 
to the conventional LAPSS. 

55 [0060] Next, in the embodiments of FIGS. 3-7, one or 
more secondary pulsed light beams are directed toward 
the target plane (Block 906), for example, using planar 
min-ors as described above. The secondary pulsed light 
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beams are the "secondary beams of light 305" earlier 
described that are initiafly emitted from the flashtamp 
away from the target plane. This is a departure from the 
prior art LAPSS, where only primary pulsed light beams 
are commonly directed at the target plane as in Biocic 
902, not secondary pulsed light beams. These second- 
ary pulsed light beams are reflected pulsed light beams 
(i.e. reflected beams of light 306) once directed toward 
the target plane. Furthennore, advantageously, the sec- 
ondary pulsed light beams may be uniformly directed 
toward the target plane, e.g. uniformly reflected by pla- 
nar mirrors as unifomnly reflected beams of light. The 
various embodiments of the present invention advanta- 
geously direct the secondary pulse light beams at the 
target plane for the purpose of enhancing the spectral 
intensity of the light field inBdiating the target plane in 
the spectral region from 400 nm to 1 800 nm (to test solar 
cells requiring a light field greater than 1 AMO), and 
more particularly enhancing the spectral intensity In the 
region from 1000 nm to 1 800 nm (to test multi-Junction 
solar cells at 1 AMO from 400 nm to 1800 nm). Alterna- 
tively, as is done for example in the embodiment of FIG. 
5, prior to perfomiing the step of Block 906, the intensity 
of the one or more prlnrtary pulsed light beams directed 
at the target plane may be reduced (Block 904), for ex- 
ample, through the use of a slit baffle as described with 
reference to FIG. 5. Thus, for smaller area solar panels, 
the step of Block 904 may be performed. Also note that 
in embodiments in which it is advantageous to produce 
a light field having a desired level of non-unifonnlty, non- 
planar mirrors are used to direct non-unifonnly reflected 
pulsed light beams at the target plane. 
[0061] Next, the target is irradiated with the sum of 
the one or more primary pulsed light beams, e.g. one or 
mora primary beams of light 304, and the one or more 
secondary pulsed light beams having been directed at 
the target plane, e.g. one or more reflected beams of 
light 306, (Block 91 0) for an enhancement of the inten- 
sity of the light field that irradiates the target. Note that 
these steps, shown in Blocks 902, 906 and 91 0 are suf- 
ficient to enable the testing of the solar cells, for example 
on Venus or Mercury probes that require a higher than 
normal intensity light field. 

[0062] Furthermore, for accurate testing of multi-Junc- 
tion photovoltaic cells that are responsive to light from 
400 nm to 1800 nm, i.e. In the embodiments of FIGS. 
4-7, prior to the step in Block 91 0, the one or more sec- 
ondary pulsed light beams may be filtered in a desired 
range of wavelengths or desired wavelength spectnjm 
(Block 908) through the use of spectral filters. Although 
the step in Block 906 Is shown as occurring after the 
directing step of Block 906. this filtering step of Block 
908 may occur prior to such directing step of Block 906. 
This will provide a total light field directed at the target 
plane that is enhanced with light being passed through 
by the spectral fitters. For exanfiple, In one example of 
the embodiments of FIGS. 4-7, the one or more second- 
ary pulsed light beams (or directed or reflected pulsed 



light beams) may be filtered with long pass spectral fil- 
ters that pass light having a wavelength greater than 
1000 nm. Thus, advantageously, at the step of Block 
910, the light field that in^diates the target (e.g. a mutti- 

5 junction photovoltaic panel) is long IR enhanced, i.e. is 
. enhanced with a higher Intensity of light having wave- 
lengths between 1000 nm and 1800 nm as shown as 
the relative spectral intensity vs. wavelength of the en- 
hanced LAPSS 806 of FIG. 8, Thus, solar panels using 

10 multi-junction photovoltaic ceils that are more sensitive 
to this range of wavelengths may be accurately tested 
priorto deployment into space, whereas the convention- 
al LAPSS does not provide the required intensity of light 
in the spectral region from 1 000 nm to 1 800 nm to ade- 

15 quately test such multi-Junction photovoltaic cells. 
[0063] While the inventmn herein disclosed has been 
described by means of specific embodiments and appli- 
cations thereof, numerous modifications and variations 
could be made thereto by those skilled in the art without 

20 departing from the scope of the Invention set forth in the 
claims. 



Claims 

25 

1 . A pulsed solar simulator comprising: 

one or more min-ors (302); 

a flashlamp (102) adjacent to the one or more 

30 mirrors (302) for producing pulsed light beams 

comprising wavelengths f ^om 400 nm to 1 800 
nm, wherein one or more primary pulsed light 
beams (304) are directed at a target (1 04) and 
one or more secondary pulsed light beams 

35 (305) are directed at respective ones of the one 

or more mirrors (302) and are directed toward 
the target (1 04) as one or more reflected pulsed 
light beams (306) by the respective ones of the 
one or more min^ors (302); 

40 

characterized by one or more respective 
spectral filters (402) positioned such that the one or 
more reflected pulsed light, beams (306) comprise 
light having a desired wavelength spectrum direct- 

4S ed at the target (1 04), wherein the one or more re- 
flected pulsed light beams (306) provide enhanced 
in^diation In the desired wavelength spectrum at 
the target (104) compared to the irradiation provid- 
ed by the one or more primary pulsed light beams 

so (304) alone. 

2. A pulsed solar simulator comprising: 

one or more mln-ors (302); 
55 a flashlamp (1 02) adjacent to the one or more 

mirrors (302) for producing pulsed light beams 
comprising wavelengths from 400 nm to 1 .800 
nm, characterized in that 
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one or mora primary pulsed light beams (304) 
are directed at substantially ah entire testing 
surface of a target (104) and one or more sec- 
ondary pulsed light beanns (305) are directed at 
respective ones of one or more mirrors (302) 5 
and are directed toward substantially the entire 
testing surface of the target (1 04) as one or 
more reflected pulsed light beams (306) by the 
respective ones of the one or more min'ors 
(302); 10 
wherein the one or more reflected pulsed light 
beams (306) provide enhanced irradiation at 
substantially the entire testing surface of the 
target (1 04) compared to the in-adiation provid- 
ed by the one or more primary pulsed light f5 
beams (304) alone. 

3. The pulsed solar simulator of claims 1 or 2, char- 
acterized In that one or more respective spectral 
filters (402) comprise long pass spectral filters that 20 
pass light having a wavelength greater than 1000 
nm, wherein said one or more reflected pulsed light 
beams (306) provide enhanced irradiation greater 
than 1000 nm at said target (104) compared to the 
Irradiation provided by said one or more primary 25 
pulsed light beams (304) alone. 

4. The pulsed solar simulator of any of the preceding 
claims, characterized by a baffle (502) positioned 

in between said flashlamp (102) and said target 30 
(1 04) such that the baffle (502) reduces the intensity 
of said one or more primary pulsed light beams 
(304). 

5. The pulsed solar simulator of any of the preceding 35 
claims, characterized In that said target (104) is 
irradiated with an inBdIance having a spectral inten- 
sity simulating sun light at approximately one AMO 

in the spectral region from 400 nm to 1 800 nm. 

40 

6. The pulsed solar simulator of any of the preceding 
claims, characterized In that said one or more mir- 
rors (302) comprise one or more planar mirrors di- 
recting respective ones of said one or more second- 
ary pulsed light beams (305) as one or more uni- <s 
formly reflected pulsed light beams (306) toward 
said target. 

7. The pulsed solar simulator of any of the preceding 
claims, characterized by a solar panel located a so 
distance from said flashlamp (102), wherein said 
solar panel comprises said target (104). 

8. The pulsed solar simulator of dairn 2, character- 
ized by one or more respective spectral filters (402) ss 
positioned such that said one or more reflected 
pulsed light beams (306) comprise light having a 
desired wavelength spectmm, wherein said one or 



more reflected pulsed light beams (306) provide en- 
hanced irradiation in the desired wavelength spec- 
trum at substantially said entire testing surface of 
said target (1 04) compared to the Irradiation provid- 
ed by said one or more primary pulsed light beams 
alone (306). 

9. A method of solar simulation for testing photovoltaic 
solar cells comprising: 

producing one or more primary pulsed light 
beams (304) having wavelengths comprising 
400 nm to 1800 nm emitted toward a target 
(104) and one or more secondary pulsed light 
beams (305) having the wavelengths compris- 
ing 400 nm to 1 800 nm emitted away from the 
target (104); 

directing (902) the one or more primary pulsed 
light beams toward a target; 
directing (906) the one or more secondary 
pulsed light beams toward the target; 
filtering (908) tiie one or more secondary 
pulsed light beams into a desired range of 
wavelengtiis; and 

innadioting (91 0) the target with the one or more 
primary pulsed light beams and the one 0 r more 
secondary pulsed light beams, wherein the one 
or more secondary pulsed light beams provide 
enhanced Irradiation In the desired range of 
wavelengths compared to the irradiation pro- 
vided by the one or more primary pulsed light 
beams alone. 

1 0. A method of solar simulation for testing photovoltaic 
solar cells comprising; 

producing one or more primary pulsed light 
beams (304) having wavelengths comprising 
400 nm to 1 800 nm emitted toward a target 
(104) and one or more secondary pulsed light 
beams (305) having the wavelengths compris- 
ing 400 nm to 1 800 nm emitted away from the 
target (104); 

directing (902) tiie one or more primary pulsed 
light beams towanJ substantially an entire test- 
ing surface of a target; 

directing (906) the one or more secondary 
pulsed light beams toward substantially the en- 
tire testing surf ace of the target; and 
irradiating (91 0) substantially the entire surface 
of the target with the one or more primary 
pulsed light beams and the one or more sec- 
ondary pulsed light beams, wherein the one or 
more secondary pulsed light beams provide en- 
hanced in^diation at substantially the entire 
testing surface of the target (1 04) compared to 
the irradiation provided by the one or more pri- 
mary pulsed light beams alone. 
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1 1 . The method of claims 9 or 1 0 further comprising re- 
ducing (904) the intensity of said one or more pri- 
mary puised light beams. 

12. The method of claims 9, 1 0 or 11 , wherein said Hi- s 
taring (808) comprises filtering said one or more 
secondary pulsed light beams Into wavelengths 
greater than 1 000 nm. 

13. The method of any of claims 9 to 12, wherein said io 
irradiating (910) provides an irradiance having a 
spectral intensity simulating sunlight at approxi- 
mately one AMO at wavelengths from 40Q nm to 
1B00 nm. 

15 

14. The method of any of claims 9 to 13, wherein said 
directing (906) said one or more secondary pulsed 
light beams comprises unifonnly directing said one 
or more secondary pulsed light beams toward said 
target 20 

15. The method of any of claims 9 to 14. wherein said 
inBdiating (910) comprises irradiating said target, 
wherein said one or more prinnary pulsed light 
beams and said one or more secondary pulsed light 
beams have a spatial unifomnlty of less than or 
equal to ± 2%. 

16. The method of claim 10, further comprising filtering 
(908) said one or more secondary pulsed light 30 
beams (305) into a desired range of wavelengths, 
wherein said one or more secondary pulsed light 
beams (305) provide enhanced in-adiation in the de- 
sired range of wavelengths at substantially said en- 
tire testing surface of said target (1 04). 35 
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(54) Infrared enhanced pulsed soiar simulator 

(57) A pulsed solar simulator, and con^sponding 
methods of solar simulation , consists of one or more mir- 
rors (302) and a flashlamp (102) adjacent to the one or 
more mirrors (302). The flashlamp (102) produces 
pulsed light beams comprising wavelengths from 400 
nm to 1800 nm, wherein one or more primary pulsed 
light beams (304) are directed at a target (1 04) and one 
or more secondary pulsed light beams (305) are direct- 
ed at respective ones of the one or more mirrors (302) 
and are directed toward the target (1 04) as one or more 
reflected pulsed light beams (306) by respective ones 
of the one or more mirrors (302). And, one or more re- 
spective spectral fitters (402) are positioned such that 
the one or more reflected pulsed light beams (306) com- 
prise light having a desired wavelength spec^m direct- 
ed at the target (1 04). The one or more reflected pulsed 
light beams (306) provide enhanced irradiation In the 
desired wavelength spectrum at the target (104) com- 
pared to the irradiation provided by the one or more pri- 
mary pulsed tight beams (304) alone. 
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